[Abstract] The Smurf Assay (SA) was initially developed in the model organism Drosophila melanogaster where a dramatic increase of intestinal permeability has been shown to occur during aging (Rera et al., 2011) . We have since validated the protocol in multiple other model organisms (Dambroise et al., 2016) and have utilized the assay to further our understanding of aging (Tricoire and Rera, 2015; Rera et al., 2018) . The SA has now also been used by other labs to assess intestinal barrier permeability (Clark et al., 2015; Katzenberger et al., 2015; Barekat et al., 2016; Chakrabarti et al., 2016; Gelino et al., 2016) . The SA in itself is simple; however, numerous small details can have a considerable impact on its experimental validity and subsequent interpretation. Here, we provide a detailed update on the SA technique and explain how to catch a Smurf while avoiding the most common experimental fallacies.
to standard medium when they became Smurf. This confirms that Smurfs do not die prematurely because the dye gains toxic properties when it diffuses through the gut.
Catching Smurfs
Although we initially described Smurfness as a well-marked, almost binary phenotype (Rera et al., 2011 and 2012; Tricoire and Rera, 2015) , Smurfness is, as most phenotypes are, continuous (Figures 2A-2D , Clark et al., 2015) . Thus, it is important to understand that the lighter the Smurf is, the greater the chance of misidentifying Smurf individuals. Indeed, the major part of uncertainly identified Smurfs appears in the few days preceding clear mortality acceleration in the population (Figure 3 ). The continuous nature of the Smurf phenotype can have two main causes. First, the dye might take some time to diffuse through limited gut permeability, thus generating a determined relationship between Smurfness and the level of gut permeability. Second, there can be biological (environmental and/or genetic factors) that can cause variation in the phenotype observed.
Moreover, there can be observer bias, attributable to the experimenter who is sorting and classifying individuals. We noticed that the earlier in the lifespan, and the fewer Smurfs are present in the group, the more likely an observer is to classify individuals as Smurfs, despite subsequently being scored as non-Smurf. The latter is probably inherent in the way we distinguish individuals based on their surrounding individuals, and hence the more Smurf individuals are present, the more stringent we are Copyright on their identification. To circumvent this, single individuals could be photographed for independent verification. In practice, however, it is difficult to both sort large numbers of flies and photograph every individual for subsequent blue hue quantification. This problem is less relevant to larger organisms. 
Other experimental considerations
The duration of exposure to the dye does not affect survival nor the Smurf Increase Rate (SIR). For ease we now use overnight feeding on the blue dye. The fly population density is of critical importance:
we observed that at a too high density, individuals tend to get covered with blue faeces. Although easy to rinse with water (the addition of some ethanol can help immersion) to discern 'false' Smurfs from legitimate ones, we do not recommend more than 30 individuals per vial for overnight exposure. For continued exposure to the dye, lower numbers should be considered. Moreover, when learning how to distinguish smurfs we recommend washing flies to confirm the phenotype. These considerations could be especially important as behaviour and the quantity of feaces produced can differ between genetic backgrounds and experimental conditions. at a specific age that increases as a function of age, rather than the absolute number of Smurf individuals. The interpretation of this number is similar to that of mortality risk, as it is related to the age-specific risk of an individual in the population to become a Smurf. Note that Smurfs remain in the population for a short time until they die and thus remain in the numerator of the formula above. The Smurf proportion is thus not equal to the risk of becoming a Smurf, but could be calculated as such (Promislow et al., 1999) .
Most of the Smurf-related studies we conduct are based on female flies because, as we described in (Rera et al., 2012) , they are easier for Smurf identification, principally since their abdomen is larger. In addition, the age-dependent SIR is weaker in males (see Figure S1A in Rera et al., 2012) . This might be due to a much shorter remaining lifespan of males when they are in the Smurf state, as we recently observed (unpublished) and/or their smaller body. It is interesting to notice that in zebrafish the sexspecific SIR intensity was inverted (see Figure S1B 
1248).
It is important to standardize the conditions under which Smurfs are examined. 
Video 1. Detailed zebrafish Smurf gavage protocol
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Pre-injection preparation:
a. Before the gavage procedure, the fish must be fasted for 24 h or at least 4 h prior to gavage, which will empty the intestinal bulb (stomach) contents.
b. On the flat face, make a cut (10-15 mm deep) in the soft sponge, which will hold the fish for injection.
c. Then, set the sponge into a 60 mm Petri dish. This will hold water to help maintain sponge moist. 
Anesthesia

Data analysis
It is possible to consider two distinct approaches for comparing the Smurf proportion in condition A versus condition B.
1. At one given time-point, comparing the proportion of Smurfs between conditions A and B:
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Notes
1.
It is crucial to ensure that the bathing solution for fish does not contain clumps of the blue dye powder as they tend to stick to scales, making it harder to distinguish Smurf individuals.
2. Standardize your Smurf scoring conditions.
3. Train multiple people to recognize Smurf individuals and cross-check your own scoring with them.
4. Keep in mind that the genetic background of the individuals you assess for Smurfness can influence its result, so adapt your scoring to it.
Recipes
The FD&C blue dye #1 comes as an extremely volatile dark purple powder. The first step is to put it in an aqueous solution. The maximum concentration we could reach at room temperature is 320 g
. This corresponds to a 12.8x stock solution as the final concentration in the medium is 2.5 g per 100 ml (2.5% w/v). www.bio-protocol.org/e2722 
